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By Victor M. Ganzer 



SUMMARY 

At the request of the Air Materiel Command, U.S. Army 
Air Forces, a l/6- scale model of a twin-engine pursuit airplane 
was tested in the Ames l6-foot high-speed wind tunnel. The 
main purpose of the tests was to investigate the possibility 
of high-speed diving difficulties with this airplane and. to 
find remedies for them. 

Host of the data ^ere obtained in force tests, although 
some pressure-distribution measurements, elevator hinge moments 
and -Ka.Iie surveys vrere also made. 

The tests showed that the airplane with the original 250- 
series wing will experience serious riving moments above lift 
coefficients of 0*5 at a Mach number of 0^65, and 0.1 at a Mach 
number of O.725. 

Modifications to the fuselage, booms, and the profile of 
'the wing center-section proved ineffective in alleviating the 
diving tendency, but the substitution of a 66-series ^ r ing for 
the original 2?0-.<=eries wing increased the speed to T ^hich the 
airplane could go before encountering serious diving moments 
by a Mach number of 0.07 (50 mph at 20,000 feet)* 



INTRODUCTION 

The model ^ r as furnished by the manufacturer. The airplane 
is a twin-engine, twin-boom, P T o-place pursuit similar in 
configuration to the airplane in reference 2. Two wings were 
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provided: an NAOA 230-series wing and an HACA 66-series King. 
The purposes of the test T ^ere : 

1. To investigate the model for high-speed .diving tend- > 

encies and to investigate possible solutions to vo 
any difficulties that might appear 

2. To investigate the airplane' n:odel for maneuvering 

and pull-out lifts * - - 

3 # To investigate elevator hinge moments and elevator 
effectiveness, particularly at high speeds 

To compare airplane model characteristics With the 
230-series and the 66-series wings 

To 'investigate the relative positions of v r ing waXe 
and taiX becaws^ of their hearing on tail buffeting 



APPARATUS 
• i:odel 

A three-vie^ drawing of the model is shown in figure 1. 
Figure 2 shows the model mounted in the wind tunnel. 

The 230-series Ttfing consisted of a plywood shin fastened 
to a built-up steel spar. Designating the spanwise location 
of wing sections by the station as measured in inches on the 
model from the model center line, the wing from wing station 0 
to station 36,67 had a constant-chord NAOA 23016 profile set 
at an angle of incidence of +2° to the fuselage reference, line. 
The tip -section (wing station 67*83) was an MAC A ^12 section 
set at" 0° to the fuselage reference line, giving a geometrical 
washout of 2°. Straight-line elements joined the two sections. 

The 66-series ring was similar in construction to the 
230-series wing except that solid mahogany was used in place 
of the ply^oodT An NAOA 66, 2-llb section set at an angle of 
incidence of +1-1/2° TT as used from ring station 0 to station 
36.67, and an NAOA 66, 2-216 section set at -l/2° to the 
fuselage reference line ^ r as used at station 67. S3, also giving 
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a geometrical washout of 2°. Both wings had the same plan form 
and area. 

Figure 3 shows the plan form and section of a third wing 
s modification which was effected by means of a glove fastened, to 

* the original 230-series wing* 

Two sets of booms were provided, designated in this report 
as the "large boomp" and the "sma.ll booms." The outlines of 
the two sets of booms are shown in figure k-. The booms were 
constructed of mahogany bolted to steel backbones. The large 
booms were used in the standard configuration* The small booms 
were the seme as the large booms from the Prestone radiators 
aft, but had. a smaller cross section at the wing and had fillets 
between the wing and booms. The oil-cooler installation on the 
small booms was also different in that the frontal area of the 
booms was reduced and, on the model, there was no provision for 
air to pass through the oil coolers . Boom accessories consisted 
of Prestone radiators, oil coolers, and turbosuperchargers. 
There was airflow through the Prestone radiators. 

The fuselage shown in figure 1 was used for all except one 
run when the modification shown in figure 5 was used* The 
fuselage was constructed of mahogany and was bolted through the 
wing. Fuselage accessories consisted, of two turrets with guns. 
In this report, "fuselage" denotes the clean condition of the 
fuselage, without turrets. 

The stabilizer and elevator Tr ere constructed of solid 
aluminum alloy with steel hinges and lead counterweights. A 
modified inverted 23010 section was used for the stabilizer. 
The elevator was hinged and was held in position by two steel 
arms extending, forward from the elevator hinge line into the 
booms. Upon the u^per and lower surfaces of each of these arms 
were mounted wire strain gages, which were calibrated by means 
of weights on a lever to read elevator hinge moment. Stabilizer 
angles were +2° for the tests with the 230-series wing and 
+2.250 for the tests with the 66-series wing. Fins and rudders 
were made of solid brass with no movable parts. 

Pressure orifices were at wing station 9-6 (between the 
fuselage and booms), at wing station 25. 05 (outboard of booms), 
and along the top of the fuselage where the sharp curvature 
occurred. 



Wind Tunnel and Equipment 



The tests were run in the l6-foot high-speed wind tunnel 
at Ames Aeronautical Laboratory* The tunnel has a circular 
test section, and has a single return. Pressure orifices were 
connected to mercury-in-glass manometers which were photo- 
graphed. Wake surveys were made with a calibrated "oitct- 
static pitch- yaw -head mounted on a survey strut* Forces and 
moments were measured on automatic balancing and recording 
scales . 

RESULTS 

Reduction and Correction of Data 

The following tunnel-wall corrections were applied to the 
test results (reference 1 ) V 

Act (deg) • = 0.629 C L 

ACri * p., 0109 7 Ojf- 

AG K • - O.OI55 C L 

The results are expressed in the follovihgtf format 
Cl lift coefficient (L/qS) 

C D drag coefficient (D./qS) 

Cm. ' pitching-moment coefficient (M/qSc) 

Ch 6 elevator-hinge-moment coefficient (hinge moment /qS e c e ) 

S pressure coefficient 

/ total pressure - local static -pressure^ 

v . ; 5 

Scr pressure coefficient at which the local velocity 
reaches the velocity of sound 

•q free-stream dynamic pressure (^PV 2 ) 

q T , r q in the wake of the ving or fuselage 
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a angle of attack corrected for tunnel-wall effects 

M Mach number 

R Reynolds number 

The following dimensions were used in commuting the 
coefficients : 

S ^ r ing area, I0.67 square feet 

c mean aerodynamic chord, 1*5 2 5 feet 

S e elevator area, 0,903 square feet 

c elevator chord, 3*5 inches 
e ' • 

Pitching moments are expressed about the 31. 3-p.ercent 
point on the mean aerodynamic chord as shown in figure 1. 

Drag and oit chine:- moment tares were taken from the NACA 
test reported in reference 2. No buoyancy or upflbw corrections 
have been made to the data* The drag data should therefore be 
used for comparison purposes only. 



Presentation of Results 
The test results are presented in the following groups: 

(1) Build-up and modifications with the 230-serios wing: 

Figures 6 through 1^- Show the results of force and 
pressure measurements for the model with the 230^wing 
as various units were added and modif icp.tions made, 
with the fuselage off, the Pressure at wing stations 
9.6 and 23. 05 were alike, hence pressure coefficients 
for only one station are shown. 

(2) Build-up with the 66 series wing: 

Plots similar to those described in (l) are included 
in figures 15 through 19 for the 66 wing:* 
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(?) Elevator effectiveness with the 66-serles wing: 

Figure 20 showp the change in pi tching-moment 
coefficient AG- resulting from elevator deflections at 
various Dift coefficients and Mach numbers for the ob 
-in-." with the 230-series wing on the model, elevator 
effectiveness at elevator angles to agreed with that 
shown. 

(k) Elevator hinge moments with the 230-seriec wing: 

Figures 21 and 22 show the results of elevator hinge- 
moment tests with the 230-seriee wing on the mocel. SJith 
the 66-series wihg on the model, elevator hinge moments 
at elevator angles of 0° and -3.5° agreed with those 
shown* 

(5) w?.ke positions and flow angles at the tail! 

Figures 2? through 26 show the relative positions 
of the tail and the wake, the eizo of the wake the ratio 
of q in the wake to q outside the wake, and the flow 
angles at the tail for both the 230 and 66 wings. 

DISCUSSION 

Divin.c Characteristics of the Complete 
Airplane T,r ith the 250-Series * T ing 

The rapid decrease in the lift coefficient of a wing at 
constant ansle of attack as the speed increases beyond the 
critical soeod is attendee by a reduction in the angle of down- 
wash behind the wine. An example of this drop in lift coeffi- 
cient can be seen in fisrure 10(c). This reduction in downwash 
anrle-c.-us.es an increase in the angle of attack of tne 
horizontal tail, which produces a diving moment on tne. 
airplane. If a' constant value of the lift coefficient were 
maintained, the angle of attack *ould have ^ be incre.^ed ^ 
speeds above the critical. As an fxsjglj, from fig ur e XOttJ 
at a Mach number of 0.675 the model ajtainee a 111 , coeific.ent 
of 0.4 with an snele of attack of 1.1°, while at a i.acn number 
of an angle of attack of t.5° was necessary - an ^crease 

of 3.20, since 'the average downwash angle is constant with 
constant lift coefficient; this increase in the angle of 
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attack of the model produces a corresponding increase in the 
angle of attack of the tail, which results in a diving moment. 
Whether at constant lift coefficient or constant angle of 
attack, a diving moment can be expected when the critical 
speed of the ring is excee&e&i It is possible that the 
performance range of an airplane might not encompass this 
condition, but with the present trend toward more speed and 
higher wing loa.dings, it is to be expected that this danger- 
ous diving^condition could be present, ■ It is possible that 
in flying an airplane with this characteristic, a pilot could 
get the airplane into a high-speed dive from which he could 
not recover. The principal object of these tests was to 
determine the characteristics of the airplane in this high- 
speed region and to attempt to correct any difficulties found. 

Figure 10 shows the results of the test of the complete 
model with the 230- series wtng* The curves showing the vari- 
ation of ditching-moment coefficient rr ith Mach number at 
constant values of the lift coefficient indicate the condi- 
tions for which diving tendencies were present at high speed. 
For instance, according to the pitching-moment curves in 
figure 10(c), at a lift coefficient of zero there was no large 
change in pitching-moment coefficient as Mach number increased, 
but at a lift coefficient of 0.1 a marked decrease in the 
pitching-moment coefficient occurred at Mach numbers a.bove 
O.725o Hence, it can be said that a "usable 11 lift coefficient 
of 0 0 1 was available at a Mach number of 0.725* Similarly, 
a usable lift coefficient of between 0.2 and 0.3 was available 
at a Mach number of 0 # 7 # Since these lift coefficients permit 
» only small accelerations, it is desirable to increase the 
usable lift coefficient at diving and maneuvering speeds* 



Effect of Fuselage and Accessories 

The portion of the T ^ r ing between the booms undoubtedly has 
more effect on the horizontal tail, which is between the booms, 
than do the outer portions of the wing. The critical speed of 
any T - r ing can be affected by bodies such ^s a fuselage and booms 
placed upon the wing due to the change in pressure distribution 
over the wing near the body. The model was tested without the 
fuselage and accessories and was then- tested with these items 
in place in order to determine the effect on the speed and lift 
at which diving moments occurred. Figures 27 and 2$ show the 
results for both T - r ings. In each case, the fuselage alone had a 



detrimental effect in that it caused the pi tching-moment 
curves to break at about 0.025 Xpwer Mach number for corre- 
s-oondinr lift coefficients. The boom accessories, including 
Pre st on 3 radiators, oil coolers, and. turbo superchargers , had 
little effect but the turrets on the fuselage neutralized, the 
adverse effects of the fuselage itself and caused, the charac- 
teristics of the complete airplane to resemble those of the 
wing, booms, and tail. 

The effect on the lift coefficient and. the minimum drag 
coefficient of adaing the fuselage is shown in figures 29 and 
30. At speeds above the critical, a loss of lift is indicated 
because of the fuselage. The increment added to the minimum 
drag was practically constant up to a Kach number of O.o75, 
where the" drag started, to rise, but increased as the Mach 
number increased, ^bove the value. 

The pressure plots in figure 5 indicate a high peak 
pressure on the to-o of the fuselage .just forward of the wing 
leading edge. It -a? thought possible that this peak pressure 
•could, cause compressibility shock to occur on the upper sur- 
face of the wing at an excessively low speed, tfhich might have 
a detrimental effect on the lift and thus contribute to the 
diving moment. The canopy was revised, as shown in figure 5, 
to reduce this ores<=ure peak. Figure 31 indicates that the 
revision had 0 detrimental effect on both the high-speed 
pit chins* moments and the high-speed drag. This effect could 
have resulted, from' moving the pressure peak, even though lower 
in magnitude, back to a point where it added to the wing 
pressures and. caused compressibility effects to occur earlier. 



Effect of Reducing the Gross Section of the Booms 

The purpose of the small booms was to reduce the cross- 
sectional area along the wing intersection in an attempt to 
reduce the interference between the wing and booms and thus to 
preserve the lift and. Pitching-moment coefficients to a higher 
speed. Figure 32 shows that the reduction in boom size had no 
beneficial effect on pitching moments but reduced the minimum 
drag coefficient by 0*002 at' a Mach number of 0.3 and. by 0.003 
at a Mach number of 0,6. Some of this drag change was 
probably due to the revision of the oil-cooler installation 
with the attendant reduction ,in frontal area and. to the fact 
that on the model there was no air flow through the oil 
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coolers on the small booms. 



Effect of the Glove on the Wing Center Section 

Plots of the normal force coefficient Cj.j from the 
integration of the pressures separately on the lower and upper 
surfaces of the 230 and 66 wings showed that the downward 
normal force on the lower surface increased more rapidly 'with 
Mach number than did the upward force on the upper surface $ thus 
giving a reduction in net lift even when the lift on the upper 
surface was still increasing (figs. 33 and 3^)# If it were 
possible to keep the downward force on the lower surface from 
increasing with Mach number, the lift could be maintained to a 
higher speed which would preserve the downwash angle and remove 
the cause for the diving moments to a higher speed. In an 
attempt to accomplish this improvement, a wing section was 
designed by the manufacturer to have positive pressures 
relative to the stream pressure over a greater part of the 
lower surface of the wing* The glove, as shown in figure 3, 
was installed using this section. The effect* of the glove on 
lift coefficient and pitching-moment coefficient is shown in 
figure 35, and on normal-force coefficients in figure 3b# 
Since there was only a slight increase in lift coefficient at 
speeds above the critical and since the pitching-moment curves 
broke at approximately the same Mach numbers as without the 
glove, the improvement due to the glove was not large enough 
to be of practical value • 

Effect of Changing to the 66-Series ^ing 

Figure 37 shows a comparison of the results for the 230 
and 66 wings with regard to lift and pitching moment. Figure 3£$ 
shows the lift coefficient pv^ilable before the moment curves 
broke, the maximum lift coefficient, and the lift coefficient 
required for level flight at various altitudes. The break in 
the moment curves ie considered the limiting condition on the 
lift coefficient available for flight and maneuvering, for even 
though more lift coefficients were available at higher angles of- 
attack, the pilot might have difficulty producing the pitching 
moment necessary to attain these angles. This criterion will be 
less applicable as Mach number decreases because the moment 
differences will decrease directly in orooortion to the decreased 
dynamic pressure. Figures 37 and 3o show the superiority of the 
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66 vin™ over the 230 wing. At Mach numbers greater than 0.55 
an Increase in the critical Mach number, as determined by 
moment-curve break, of about 0.07 (50 miles per hour at 
20,000 feet} is available at lift coefficient? of 0.3 and 
less. 

The maximum lift coefficient with the 66-scries ring was 
0.33 lower than that with the 230-seriee win™ at a Mach number 
of 0.2. Torts with and without the fuselage showed that, at 
this scale and speed, the interference effects on maximum 
lift coefficient due to the fuselage were negligible. Figure 
30 ghows the test Reynolds number variation with Mach number 
for 'the model. At a Mach number of 0.2 the Reynolds number 
was only 1 900,000. References 3 and ••• indicate that the maxi- 
mum lift coefficient^ of 66-series airfoils are low at low 
Reynolds' number's, but that they compare favorably with maximum 
lift coefficients of conventional wings at higher Reynolds 
numbers. Tests at larger Reynolds numbers but at the same 
Mach- numbers (corresponding to approach and landing speeds) 
are necessary to predict the' maximum lift coefficient of the 
airplane in flight. 

A comparison of the drag of the complete model with the 
different wings is shown in figure M-0. At Mach numbers of O.o 
anc? greater the 66 wing gave a lower crag at all lift coeffi- 
cients while at lower speeds the 66 wing was superior at lift 
coefficient* of O.K and less, with the drag curves oroeslng at 
that point. It is possible that the .6c wing would show to even 
creator advantage, especially at high lift coefficients, if 
the test Reynolds number were more nearly equivalent to 
flight Reynolds numbers. 

Due to the high wing loading of this airplane (60.5 pounds 
per square foot), it is believed that further improvement ccula 
be realized if more camber were built into the 66-series wing. 
The wine tested was cambered for a lift coefficient of 0.1. 
Figure 3g shows, that in any condition except a dive the air- 
plane requires a hlrher lift coefficient than 0.1, and it^ 
voultf therefore be desirable to c.er-l^n the wing for a higher 
lift coefficient. This increase in camber should exteno. the 
usable lift-coefficient range of the airplane and should also 
show P beneficial result on maximum lift coefficient, allowing 
more lift for maneuvering at high speed, and improving the 
lsnclner characteristics over the 66-series wing as tested. 
Fi.-ure^'O shows that the 66 win'g was superior to the 230 
wing with respect to eubefitical drag coefficients at lift 
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coefficients of at least ±0.2 from the lift coefficient of 0.1 
for which the 66 T < r ing wap cambered « Any increase in lift 
coefficient by means of paced, camber Phoulc raise the lift 
coefficient at which this drag saving is available to values 
more in keeping with the level-flight lift coefficients for 
this airplane • 

The 66-series wing as tested, on the model was ^erodynam- 
ically smooth and the Reynolds number was low, which are ideal 
conditions for the maintenance of laminar flow. Since the 
actual airplane ^ ou ]_ci have the turbulence due to the propellers 
and the increased Reynolds number, these ideal conditions 
would not exist and the transition point between' laminar and 
turbulent flow might move forward. This forward movement 
would cruse some change in the characteristics of the Wing* 
In an attempt to determine the effect of moving the transition 
point forward, an extreme case was tested on the model* Transi- 
tion was fixed with number oO carborundum at the 10--oercent- 
chord point . Figure -1 shows the results of this testt There 
was a detrimental effect on lift, particularly in the low lift 
range where this wing ordinarily had laminar-flo^ r characteris- 
tics, and the ditching-moment curves brohe more sharply but at 
the same Mach number as without transition. Since the device 
of arbitrarily fixing the transition with carborundum is not 
necessarily directly comparable with the normal transition on 
the full-scple ^.irpl^ne, these results may not accurately 
represent flight conditions . 

Elevator Effectiveness 

Figure 20 sho^s that for the range of lift coefficients 
covered in this test the elevator effectiveness was essentially 
constant with speed. Howevor, the fact that the elevator 
remains effective doe-* net indicate that the pilot could pull 
out of a high-speed dive without difficulty, as the airplane 
becomes extremely stable at high ppeed and an elevator deflec- 
tion which T - r ould allow the pilot to pull out of a dive at speeds 
belo^ the critical ^ r ould have must less effect at speeds above 
the critical. An examole of the increase in stability *- r ith 
speed is phown in figure 10(b). 

Elevator Hinge foments 

Difficulty was experienced in the measurement of hinge 
moments with the electrical strain gages in that hysteresis was 
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Indicated In the zero readings before and after a run* For 
this reason the absolute values of the hinge-moment coeffi- 
cient? cannot be relied upon, but any large variation of 
hinge-monient coefficient with Mach number could be detected* 
No such variation was found. 



T < r ahe Positions at the Tail 

The wake surveys (figSf 23 through 26) show that the tail 
was in the wake of the fuselage at all conditions of the test. 
At attitudes an<? speeds corresponding to level flight the tail 
was not in the wake of the *ring. However, at an angle of 
attach of 5.5 0 and a Mach number of G.60 the wake of the 230 
wing included the tail, and at the sane angle at a Mach nunber 
of 6.65 the wake of the 66 wing al^o included the tail* 
These .attitudes and speeds mighi be attained in accelerated, 
flight • Wake measurements shown in reference 2 indicate 
that the wake would widen considerably if the speed were 
increased above a Mach number of O.65. It is possible that 
the wake might widen to include the tail at attitudes corre- 
sponding to unaccolerater 1 flight if the s«oeed were increased 
?bove that investigated in these surveys* Since conditions 
are conducive to tail buffeting when the tail is in the wake 
of the wing and fuselage, it is concluded that under certain 
conditions it is possible that the airplane will experience 
buffeting. 

CONCLUSIONS 

1. At lift coefficients corresponding to level flight, 
the limiting speeds as determined by the development of 
unsatisfactory dicing moments range from a Kach number of 
O.65 (Kt2 miles per hour at ^0,000 feet altitude) to 0.73 
(555 miles -oer hour at sea level). 

2. Substitution of the 66-serles wing for the original 
230-series wing resulted in an increase in the allowable diving 
speed and the lift coefficient available for maneuvering at 
high speed. 

3. Elevator effectiveness was essentially constant at 
all speeds, but the stability of the airplane increased 
rapidly at speeds above the critical* 
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4« Elevator hinge moments did not show any erratic 
characteristics at high speed. 

5* At level-flight speeds and attitude?, the tail was 
above the wake of the wing, "but vae in the wake of the 
fuselage for all conditions of the test. Above the critical 
speed, the tail was in the wa&e in some accelerated flight 
conditions. At higher speeds than were included in the wake 
surveys, it is possible that the tail might be in the wake even 
in unaccelerated flight. Other experience indicates that tail 
buffeting is likely to be encountered when the tail is in the 
wake# 



Ames Aeronautical Laboratory. 

National Advisory Committee for Aeronautics, 
hoffett Field, Calif* 
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Figure I - General arrangement of the 1/6- scale model 




Figure 2. 



- The model mounted in the 16-foot wind tunnel. 
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Figure 3- Modification of the 230/6 wing section. 
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Figure 4- Outlines of the large and small booms. 
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(a) Mach number 0.3 through 0.65. 
Figure £- Characteristics with 230 wing, large booms. 



1^ 



4 ji O (V» * 0* *qq 




(c) Variation C L , C p , and C M with Mach 
numb er. 

Figure 6. - Continued. 




(d) Wing pressure distribution at various 
Mach numbers. 



Figure 6. - Concluded, 




Figure 8. - Continued 
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„ (f) Wing and fuselage pressure distribution 
i* c "°«° at Mach numbers of 0.675 and 0.7 
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Figure 8.- Continued. 
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(g)Wing and fuselage pressure distribution 
atMach numbers of 0725 and 075. 
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Figure 8. - Concluded. 
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(a) Mach number, 0.3 through 0.65. 

Figure 10- Characteristics with 230 wing, large 
booms, fuselage, all accessories, tail. 
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(e) Variations of C L with angle of attack at Mach 
numbers of 0.1 through 0£. 



Figure 10.- Concluded. 




65 (a) Mach number 0.3 through 0.65. 




Figure II- Characteristics with 230 wing, large booms, 
fuselage with revised canopy, all accessories, tail. 
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(a) Mach number 0.3 through 0.65. 

Figure 12- Characteristics with 230 wing, small 
booms, fuselage, all accessories. 
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Figure 14- Characteristics with modified 230 wing, 
large booms, fuselage, all accessories, tail. 




(b) Variation of C L with angle of attack at Mach 
numbers of 0.1 through 0.6. 



Figure 14 - Continued. 
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Figure 14. - Continued. 
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(e) Variation of Cy with Mach number. 
Figure 14.- Continued. 
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(f)Wing pressure distribution at various 
Mach numbers. 



Figure 14- Concluded. 



£-91 




M 

o .3o 
& .So 
□ .Co 
6 XS 




NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



(a) Mach number 0.3 through 0.65. 
Figure 15. - Characteristics with 66 wing, large booms. 
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(d) Wing pressure distribution at various 
Mach numbers. 



Figure 15- Concluded. 




Figure 16- Concluded, 
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(d) Wing and fuselage pressure distribution 
at Mach numbers 0.3 and 0.5. 



Figure 17- Continued. 
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(e) Wing and fuselage pressure distribution 
at Mach numbers of 0.6 and 0.65. 



Figure 17.- Continued. 
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( f) Wing and fuselage pressure distribution 
% c»oei> hs,*«> st» ee.er at Mach numbers of 0.675 and 0.7 



Figure 17- Continued. 
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— ^ z& ^— (g) Wing and fuse /age pressure distribution 

at Mach number of 0.725 and 0. 75 



Figure 17.- Concluded. 
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(c) Variation of C L , C D , and C M with 
Mach number. 



Figure 18. - Concluded. 
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booms, fuselage, all accessories, tail. 
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(b) Variation of C, with angle of attack at Mach 
numbers of 0.17 through 0.65. 



Figure 19- Continued. 
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(o) Variation of C M with Mach number. 
Figure 19.- Concluded. 
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Figure 20- Elevator effectiveness; 66 wing, large 
booms, fuselage, all accessories, tail. 




Figure 2L- Variation of hinge-moment coefficient with 
Mach number; 230 wing, targe bocms, fuselage, all 

acce ss orie s, tail. 




Figure 22. - Variation of pitching moment and elevator hinge 
moment with elevator angle ; 230 wing , large booms, 
fuselage, all accessories, tail. 
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(b) Angle of attack, 0.7°. 
Figure 22. — Continue d. 




(c) Angle of attack, 3.9°. 
Figure 22.- Concluded. 
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Figure 24- Flow angles at tail} 230 wing, large booms, 
fuselage, all accessories. 
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Figure 25- Wake position at tail; 66 wing, large 
booms, fuselage, all accessories. 
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Figure 26- Flow angles at tail; 66 wing, large booms, 
fuse /age, all accessories. 




Figure 27- Effect of build-up on C M with 230 wing, 
large booms, toil. 
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Figure 28. - Effect of build-up on C M with 66 wing, 
large booms, tail. 
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Figure 29 r Effect of fuselage on Cj_ with targe 
dooms, tail. 
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Figure 30- Effect of fuselage on C D . with targe booms, 
tail. 




Figure 3L- Effect of canopy revision on Cm and Co mtn i 
230 wing, large booms, fuse/age, all accessories, 
tail. 




Figure 32- Effect of boom size on C M and C D . / 230 
wing, fuse/age, all accessories, tail. 
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Figure 33- Norma/ force coefficients, wing station 
9.6; 230 wing, large booms, fuselage, tail. 




Figure 34.- Normal force coefficients, wing station 
9.6; 66 wing, targe booms, fuse I age, tail. 
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Figure 35- Effect of 230 wing modification on C L and 
C M with large booms, fuselage, all accessories, tail. 
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Figure 36- Norma/ force coefficients, station 9.6; 
modified 230 wing, large booms, fuselage, all 
accessories, tail. 




Figure 37- Comparison of 230 wing and 66 wing with 
large dooms, fuselage, all accessories, tail. 
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Figure 38.— Maximum C Lt usable C L range, and C L for level 
flight for 230 wing and 66 wing with large booms, 
fuselage, all accessories, tail. 
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Figure 39- Reynolds number variation with Mach number 
for average tunnel conditions. 
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(a) Mach number, 0.3 through 0.65. 

Figure 40 r Comparison of 230 wing and 66 wing 
in drag with large booms, fuselage, all 
accessories, tail. 
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Figure 41- Effect of fixing transition on C L and C M ; 
66 wing, large booms, fuse/age, ail accessories, tail. 
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